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Falls, respectively. Fale positive non-feal streptococci were foundin 
all the background samples and represented a mean of 34.4 to 37%of 

the iolates tested.The 

geometric mean densities for the microorganisms assayed foreach 
background sample station are given in Table 19. The raw sewageand 

Loch Raven reservoir provide information on the waterquality that 
can be expected under the worst and best conditions,respectively, 

in an urbanized area. Each of the urban streams containhigh levels of 
eah of the indicator microorganisms and would be judgedcontaminated 

regardles of the indicator of fecal contamination employed.The relative order 
of levels of pathogens in the urban streams wasP. Samonela 
It shouldbe stressed that the levels of and Salmonela sp. arereported 
with a denominator higher than the other microorganismsand 

represent a 100-fold more sensitive assay.The relative levels of indicator 
and pathogenic microorganismsin the urban 

streams 
during the sampling period are shown graphicallyin the 

following three figures. Figure 24a shows the log density ofeach of the 
indiator groups of microorganisms by date for HerringRun (sample 

site Consistently high levels of total coliform, fecal and fecal 
streptococci were observed throughout the year.Although varation can be 

seen in the data there does not appear tobe any marked variation 
with season. The levels of fecal coliformin Herring Run exceeded the 

recreational standard of 200 fecal ml in 30 of 33 or 91 of the 
samples during the 13 monh samplingperiod. The levels of pathogenic 
microorganisms in Herring Run can beseen in Figure 24b. Again, notieable 

variation is shown but thereis no apparent dependence upon season of the 
year. was found at low levels in each sample. Salmonea sp. were 

consistentlyfound in Herring Run and iolates were recovered in 
27 of 32 or 84of the samples.The levels of indicator microorganisms in 

the Jones Falls areshown in Figure 25a. The total coliform, fecal 
coliform and 

fealstreptococci 
densities were somewhat higher than in Herring 

Run andno apparent seasonal variation was observed. All samples 
collectedfrom the Jones Falls exceeded the fecal coliform recreational 

waterstandard by several orders of magnitude. The levels of . 
and Salmonella sp. (Figure 25b) are also considerablyhigher than in 

Herring Run. P. was the predominant pathogenfollowed by Salmonella 
was recovered from 29 of 31 or94 of the samples ollected from the 

Jones Falls.Similar results are shown for Gwynns Falls in Figures 26a 
and 26b.High levels of indicators were observed with no apparent 

seasonalvariation. The fecal coliform recreational 
water 

standard was metin only one sample during the sample period. The 
levels of pathogensfollow the same order as in the previous urban 

streams. Seasonalvariation again does not appear. A possible 
peak was observed forP. for the Gwynns Falls in September 1974 but 

was not observedin September of 1975. Salmonella was recovered 
from 

all samples col¬lected n the Gwynns Falls.71 

















The effect of stream flow on the levels of fecal coliforms 
inHerring Ran and Falls is shown in Figures 27 and 28 respetively.Stream 

flow was determined at the tme of sample collection. The minimumstream 
flow 

that could be estimated at Herring Run was 28 I/see. (0.95 The highest 
recorded flow was 608 (21.5 cfs) and is not recordedon the graph. During 

periods of low flow the levels of fecal varied rom just more than 
10 

to greater than 10 ml. Therewas no apparent relationship between 
stream flow and feal coliformdensities for Hering Run. The stream 

flow in the larger Gwynns allsvaried from 110 to 8,490 I/se. (3.9 to 

300 cfs). As in Herring Run,there appears to be little correlation 
between stream flow and levelsof fecal coliforms.The effect of previous 

rainfall prior to 

the time of sampling onthe quality was evaluated for the 
background 

sample. Thelevels of fecal coliform was compared to the 
antecedent 

or number ofdays since the last rainfall. Antecedent rainfall, 

in days, appearsto have little effect on the fecal coliform density 
in raw sewage andurban streams (Figure 29).Storm SamplesThe ocurrence 
of selected pathogenic 

bacteria in 

storm 
is shown in Table 20. Saonea were recovered from all the 

sam¬ples collected at Run, Glen Avenue, and Howard Park 96 of 
thesamples 

collected at Jones Falls storm drain and Bush Street, and52% of 

the samples. P. was found in all the stormsamples at levels 
approaching those found for the indicator microorgansms. es was isolated 

frm 83, 71%, 95% 100, 96, and 82 ofthe samples from Stoney Run, Glen Avenue, 

Howard Park, Jones Fallsstorm drain Bush Street and respectively. 
The lower relativerecovery of was due to the higher sensitivity 
limit forthe assay. No concentration procedure was employed andthe 

maximum 
sample volume assayed was 10 ml.Anal viruses were recovered at a 

high frequency in the stormrunoff samples. Table 21 shows the ocurrence 
of selected animalvirues for thee 

samples. 

Anma virues were recovered from allthe samples at Stoney Run 
and Howard Park, 92% of the Glen Avenue,83 of the Jones Falls 

and Northwood and 75 of the Bush Street samples.The predominant 
virus groups found were and viruses. was observed at a lower 

frequency. wasfound in 1 of 12 samples at Bush Street and were found ata 
similar frequency at Glen Avenue and Howard Park.The distribution of 

fecal streptococci in the storm runoff samplesis given in Table 22. 
The mean percent f isolates that were foundfor each component of the 

fecal streptococci for each storm samplesite is 

shown. The number in parenthesis was the frequency with whihthe member 
mcroorganisms were observed. were found inall samples and were 

39.6 to 51.5% of the isolates tested. The majorportion of the 
group were typical strains of . and A small percentage (1.3% - 7.1%) 

of the isolates were the - varieties of S. 79 
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Table 20. OCCURENCE OF SELECTED PATHOGENICBACTERIA 
IN SAMPLESSample 

siteOccrrence Salmonela P. 

HStoney RunGlen AvenueHoward ParkJones 





and were found in 10% to 24% of the saples. and 5. ere recovered in 
65 to 91% of the storm samples and represent 10.5to 17.5 of the 

isolates. The false positve and non-fecal streptococciwere found i all the 
storm samples and were 38.8% to 48.1% of theisolates.The geometric 
mean 

densities 
of the selected pathogens and indicatormicroorganisms for each 

storm sample site are gve in Table 23 to pro¬vide an indication of the 
relative quality o the storm at each location. The levels of indicators, 

P. and are reported in the conventional units of or lwhile the 
levels of and Salmnela are reported as 1 and 1, respectively. The 

evels of total coliform,fecal fecal streptococci and suggest that 
therunoff at each location was heavily contaminated and from a 

microbio¬logical standpoint was of poor quality The densities of 
indicatormicroorganisms found in storm runoff were generally about 

higherthan that found in urban streams and approached the indicator 
densitiesof raw sewage. The levels of indicators in storm runoff was 

severalorders of magnitude above that found in the reservoir samples. Regard¬less 
of the indicator employed, the runoff from each of the 

samplelocations 
would be considered heavily contaminated. With the exceptionof 

Howard Park and the mean levels of indicatorsare surprisingly 
similar. The Howard Park sample, representative ofa true combined 

system, contained consistently higher levels of indicatorsthan the 
other Northwood, a small drainage area of stormrunoff only, contained 

consistently lower levels of indicators thanfrom the reaining runoff 
sites. The Jones Falls storm drain is knownto receive some raw sewage 

but the ratio of raw sewage to runoff isbelieved to be small. The 
Run and Glen Avenue drainageareas contain bleeders frm the saitary 

sewers which occasionallyoperate during heavy rain storms. The Bush 
Street drain althoughbelieved to carry only storm runoff, has a large 

low lying catchmentarea with many possibilities for sewage 
contamination.The levels of Salmonela sp P. and were several fold higher 

than that found in the urbanstreams but significantly lower than 
the levels in raw sewage* P. was the most predominant 

pathogen in stormwater followedby ?es enteroviruses and Salmonela sp, 
Howard Park samplesfrom the combined sewer yielded considerably higher 
levels of pathogenicmicroorganisms than the other sampling 

locations.Fairly reliable flow estimations were obtained at the time 
ofsampling for three stations; Stoney Run (F), the Jones Falls stormdrain 

and the Northwood storm drain Flow estimation at theremaining three 
statons unreliable due to surcharging loss ofa 

velocity 
meter and Figure 30 shows the relationship ofistantaneous 

flows to the levels of fecal determined atthe time of sample 
collection for Stoney Run, the Jones Falls stormdrain and Northwood. 

At low flows the range of levels of fecal coli¬forms was between 10 

to almost ml. similar range of fecalcoliform density was observed 
at moderate and high flows. There appearedto be little correlaton 
between instantaneous discharge and the levelsof microorganisms.85 
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The effect of the number of day ince the lat storm on thelevels 
of fecal is shown in Figure 31. Similar to that observedfor the 

bakground samples, the levels of fecal observed inthe storm appears 
to 

be independent of the time between storms.RELATIONSHIP BETWEEN 
PATHOGENS 

AND INDICATORSThe relationship between 

indicator and pathogenic icroorganismswas evaluated in the following 
Figures 32 through 35. The logarithmof the density of the pathogen 
was compared to the logarithm of thedensity of the indicator 

group of microorganisms for all samples.The lower sensitivity limit 
of the pathogen determination is functionof the volume of sample 

assayed. 
In eases where no pathogen was recoveredthe lower sensitivity limit 

was about one microorganism per unit volume.For purposes of graphic 
representation and statistical analysis thevalue of one was assigned 

to 
these samples. Since the logarithm ofone zero, the minimum 

detetable 
concentration point were plottedas zero logs in the graphs. Lines 

of best it for background andstorm samples were calculated by 
the method of least squares and presentedon each graph. The correlation 

coefficients, were calulated forfour groups of samples all, background, 
storm and stream. These arepresented in the upper left hand 

corner 
of each graph. In additionthe 99% confidence intervals for each 

value of are shown. The linearrelationship between the levels of 
indicator and pathogenic mcroorganismswas tested by evaluating the nul hypothesis 

for the correlation coeffcient (r 0) The significance of r was 
tested using the lowerlimit of the 99 confidence interval for r. 

Conclusions indicatinga linear relationship are affected by the number 
of pair of ampleand the magnitude of r. The number of pairs for 

sample groups variedslightly for each comparison of pathogens and 
indcators. The numbersof the pairings of pathogenic bacteria and various 

indicators in theanalysis for all, background, storm and stream 
samples were in theranges 218 to 266, 119 to 136, 112 to 130 and 70 

to 93, respectively.The relationships between the levels of Salmonella 

and totalcoliform, fecal coliform, fecal streptococci and are 
shownin Fgures 32a, and respectively. The levels of Salmonllaare 

presented as 1 and the levels of indiators are presentedas or ml. 
Thus, it should be recognized that the levelsof Salmonella are 

lower 
than the levels of indicator miro¬organisms. The data show considerable 

variation However, the positivelinear relationships between 
indicator and Salmonella for all the samplesare unmistakable. The correlation 

coefficients for total coliform,fecal coliform, fecal streptococi and 
enterococci were 0.54, 0.59,0.53 and 0.5, respectively and are 

significant at the 1 levelThere appears to be a reasonably good 
correlation between indicatorand Salmonella for the overall data. 

Although 
fecal yieldedthe highet correlation coefficient, each of the 

indicator groups testedgave good linear relationshps to the levels 
of 

Salmonella The cor¬relation coefficients for the background samples: 
raw sewage, urbanstreams and reservoir, showed somewhat higher 

correlation 
coefficients.The r values of 0.67 for total 0.72 for fecal 

coliform, 0.71for fecal streptoocci and 0.73 for enterococc were also 
significantat the 1% level. Again little difference was observed for the 

linearrelationships between the indicator groups and Salmonella 
However,88 













the correlation between Salmnela and indcators in the was not so 
good. The low values of were 0.49, 0.36, 0.19and 0.18 or total 

coliform fecal coliform, fecal streptococci and respectively. Only the 
correlation between total and Samnela was ignificant at the 1% level. 
The remaining correlationcoefficients were not significant at the 5% 

level in the storm samples.The samples collected from the three urban 
streams 

showed no correlationbetween the levels of Salmonea and indicator 
microorganisms.The relationship between the levels of P. and 

thelevels of total coliform fecal fecal streptococci and 
entero¬cocci are shown in Figures 33a, b, and d respectively. The densitiesof 

and indicator groups were reported in comparable unite.Although P. 
is not an enter pathogen it is assoatedwith and commonly found in The 

r values for "all" and backgroundsamples are highly significant at 
the 1% level and were the highestoberved for the data. The total and 

fecal coliform appeared to cor¬relate slghtly better to the levels 
of 

P. than the indicators. or the storm saples, the significant 
correlationwas found at the 5% level for total and fecal No correlationwas 

observed or fecal streptococci and P. was found to correlae at the 
99 significance level only to fecal con¬forms for the stream samples.The 

relationships between and total coliform fecalcoliform, fecal 
streptococci and enterococci are shown in Figures 34a,b, c, and d, 

respectively. The levels of both 

pathogen and indicatorsare given in comparable units. Smilar to 
the data preented forSalmonella and P. correlations were found at the 

1 igni¬ficance level for "all" and background samples. The values for 
thecorrelation coefficient were significantly higher for the 

latter samples*No significant correlation was observed between and 
theindicator microorganisms for the storm and stream samples.igures 

35a, c, and d show the correlation between the levelso enteric virus and 
the levels of the tota coliform, fecal fecal streptococci and 

enterococci 
respetively. The number of samplesassayed for animal 

viruses was considerably lower than those assayedfor the bacterial 
pathogens The numbers of sample pairs in the analysisn each sample 

grouping ranged as follows: 94 to 123 for "all" samples,46 to 57 for 
background sample, 54 to 66 for storm samples and 28 to35 for stream 

samples. The 95 confidence intervals were calculatedfor correlation 
coefficients. In general, the correlations werepoor and signiicant 

correlations 
at the 5% level were only found inthe background sample group 

for total and fecal coliformOtherwise, no significant correlation 
between the levels of entericviruses and indicators was 

observed.INDICATOR 
RATIOSThe relationship between the levels o the indicator 

groups ofmicroorganisms at each sample location is hown in the 
following erieof graphs. The levels of total coliform, fecal streptococci 

and entero¬cocci were compared 

to the levels of 

fecal oliforms. Theoretical94 
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ratios are indicated by solid and dashed lines on each plot. 
Thescatter of the data relative to the heoretical ratios can be seen.The 

ratios of total to fecal coliform and fecal to fecal streptococci 
(FC/FS) are ofen used to evaluate the pos¬sible source of contamination. 

FC/TC ratio of greater than 0.1 isbelieved to be indicative 
of sewage. ratio of 4.0 or greaeris believed to be indicative of 
human and ratio of 1.0 or lessis believed to be indicative of animal 

feces.Figure 36a shows the relative levels 

of total coliform, fecalstreptococci and compared to the levels 
of fecal coliformfor raw sewage taken at Back River Treatment 

Plan, 
samplesite A. The raw sewage provides a point o comparison or the 

dataobtained for urban sreams and storm FC/TC ratios in rawsewage 
lie between 0.01 to 1.0 with the large majority of samples 

havingratios of 0.1 o 1.0. The FC/FS ratios observed for raw sewage liebetween 
0.1 to 100 with 61 of the samples having ratios o 4.0 orgreater. 

Similar relationships can be seen between enterococci to 
fecalcoliform (FC/Ent). It should be noted that even in raw a sizablevariation 

between the raios of indicators was observed.The relationship beween 
the levels of fecal and theother bacterial indicators 

in 
the urban streams: Herring Run, JonesFalls and Falls is shown 

in Figures 36b, and respectively.FC/TC ratios lie predominantly 
between 0.1 and 1.0 for Herring Run andJones Falls. In the Gwynns 

Falls siilar ratios predominate but moresamples were found to have FC/TC 

ratios less than 0.1. Significantvariability in FC/FS ratios was 
observed for the urba streams. About20%, and 22% of the samples had 

FC/FS ratios of 4.0 or greater inHerring Ran, Jones Falls and Gwynns 

Falls respectively. The frequencyof samples with FC/FS ratios of 1 
or less was 46 in Herring Run, 27in Jones all and 33% in Gwynns Falls. 

large portion of the samplesin each of the urban streams had FC/FS 
ratios in the intermediate rangeof between 1.0 and 4.0 Similar results 
were obtained with enterococcilevels when compared to fecal coliform 

data.The relationships between the indicator groups of microorganismsor 
the storm samples are shown by site in 

Figure 
37a through 37f.FC/TC ratios in the large majority of the 

samples collected at eachof the storm locations lie between 0.1 to 
1.0. FC/FS ratios foundin the storm samples are markedly different 
from those observed forthe background samples. More than 90 of he 

samples collected at Run (Figure 37a), Glen Avenue (Figure 37b), 
Bush Street (Figure37e) and Figure 37f) had FC/FS ratios less than 

4.0. Greaterthan 80% of the samples from these stations had FC/FS 
ratios of 1.0or less. Only 18 and 12% of the samples collected at Howard 

Park(Figure 37) and the Jones Falls storm drain (Figure 37d) had 
FC/FSratios of 4.0 or greater. The frequency of samples of these 

stationswith FC/FS ratios of 1.0 or less was 41% for Howard Park and 

76% forthe Jones Falls storm drain. Ratios of appeared to shift 
upslightly for the storm runoff samples compared to the FC/FS. In 

eachcase 
a larger percentage of samples had FC/Ent. ratios greater 

than1.0. Unfortunately, the significance of FC/Ent. ratios have not 
beenevaluated.107 




